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oats	 has	 been	 used	 for	 different	 purposes:	 in	
medieval	 Britain	 oats	 were	 cropped	 for	 bread,	
biscuits	and	malting;	in	Roman	period	as	feed	for	
horses,	 medical	 uses	 etc.	 Currently,	 the	 biggest	
oat-	producing	 countries	 are	Russia,	 Canada	and	
United	States	(www.kew.org/science;	Stewart	and	
McDougall, 2014).
In	 recent	 years,	 there	 has	 been	 a	 growing	
interest	 of	 consumers	 to	 healthy	 foods.	 Due	 to	
the	 benefits	 of	 oats	 compounds	 on	 the	 human	
body,	 its	consumption	plays	an	 important	role	 in	
preventing	 and	 treating	 different	 diseases.	 	 Oats	
are	classified	as	a	whole	grain	and	are	especially	
high	 in	 soluble	 fibers,	 β-	 glucans,	 lipids,	 protein,	
phytochemicals	 and	 specific	 micronutrients,	 as	
well	as	act	as	a	unique	source	of	polyphenols	(Singh	
et al., 2013;	Marmouzi	et al., 2016).	β-	glucan	is	the	
main	 component	 of	 oat	 soluble	 fiber,	 which	 has	
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hidi,	2006;	Carus	et al., 2013),	and	 	 furthermore,	
flaxseed	 oil	 contains	 the	 highest	 amount	 of	 ω-3	
fatty	 acids	 among	 the	 available	 seeds	 (Tawheed	
and	Thakur,	2014;	Goyal	et al., 2014;	Sharma	et al., 
2012).	These	types	of	oils	have	various	health	ben-
efits.	Olive	oil	consumption	provides	a	decreased	
risk	 of	 cancer,	 diabetes	 and	 cardiovascular	 dis-
ease,	which	lead	to	low	rate	of	mortality	(Covas	et 
al., 2006;	Rangel-Huerta	et al., 2015;	Buckland	et 
al., 2012).	Also,	it	was	demonstrated	that	specific	
components	 of	 olive	 oil	 have	 antihypertensive,	
antioxidant,	 antithrombotic,	 anti-inflammatory,	










et al., 2014;	Mihoc	et al., 2012;	Pop	et al., 2009).
The	 aim	 of	 this	work	was	 to	 develop	 a	 new	
oat	 based	 food	 product	 -	 unleavened	 bread	 -	 by	
adding	olive,	flax	or	hemp	oils,	in	order	to	obtain	






For	 the	 experiment,	 oat	 flour	 (produced	 by	
Pirifan)	and	oils:	olive	oil	(Costa	de	Espania),	flax-
seed	 and	 hemp	 oils	 (local	 products)	 were	 pur-




Unleavened	 bread	 dough	 samples	 were	 ob-
tained	 by	 using	 the	 ingredients	 ratios	 shown	 in	
Table	1.







Forwards,	 for	 comparison,	 were	 obtained	
bread	 samples	 from	 fluid	 dough	 and	 from	 solid	
dough	consistency	with/without	addition	of	bak-
ing	powder.
Dynamic of dough drying method
To	 monitor	 the	 decrease	 in	 moisture	 of	 the	







Sample                               Flour (%)                       Water (%)                Oil mix (%)                    Salt (%)
1. Dough A 57.1 34.3 6.9 1.7












1. Dough C 36.4 58.2 4.3 1.1 Fluid	dough
2. Dough A 57.1 34.3 6.9 1.7 Solid	dough	wrapped	in	baking	paper






















150˚C,	 120˚C	 and,	 respectively	 at	 90˚C.	 The	 time	








at	 90˚C	 it	 was	 not	 considered	 cost-effective	 in	
economic	 terms	 (even	 in	 225	 minutes	 does	 not	
reach	the	required	humidity),	the	texture	analysis	
was	 performed	 only	 for	 samples	 dried	 at	 120˚C	
and	150˚C.	A	total	of	6	samples	were	carried	out	in	four repetitions each.
The	texture	of	the	final	product	was	analyzed	
by	 using	 CT3	 Texture	 Analyzer.	 The	 device	 was	
equipped	 with	 the	 10	 kg	 load	 cell.	 The	 texture	
analysis	 was	 carried	 out	 using	 a	 cylindrical-




















After	 drying	 of	 the	 dough	 A	 in	 three	 ways,	
it	 has	 been	 found	 that	 dried	 products	 wrapped	
(aluminum	 foil	 or	 baking	 paper)	 requires	 more	
time	 for	 drying,	 these	 products	 have	 a	 harder	
consistency,	 unlike	 the	 unwrapped	 breads,	 that	
are	more	crispy.
Similarly,	 drying	 was	 carried	 out	 for	 fluid	
dough	 C	 and	 dough	 B	 with/without	 addition	 of	
baking	powder,	and	then	results	were	compared.	
After	 this	 operation,	 it	 was	 found	 that	 products	
made	from	dough	B	wrapped	in	baking	paper	had	
a	 very	 hard	 consistency	 in	 comparison	with	 the	
sample	obtained	from	the	fluid	dough	C	wrapped	
also	 in	 baking	 paper,	 which	 had	 a	 crunchy	
consistency.	 It	 has	 been	 found	 that	 sample	 with	
Tab.3. Different	drying	temperature	of	samples	with	different	oil	content	
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baking	 powder	 became	 more	 voluminous	 after	
drying	process.
Dynamics of dough drying
Moisture	content	of	the	dough	was	determined	
by	taking	account	of	the	quantity	of	flour	used	and	






As	 shown	 in	 Figure	 1	 the	 product	 reached	







For	 each	 sample	 of	 unleavened	 bread,	 four	
repetitions	 were	 analyzed	 to	 obtain	 average	
values,	after	which	the	results	of	each	sample	were	
represented	in	a	diagram.
The	 hardness	 of	 the	 samples	 without	 oil	 or	
with	 4.3%	 oil,	 at	 120˚C	 and	 150˚C	 exceeded	 the	
maximum	load	of	the	cell	(>10.000g	to	penetrate	
the	mass	 of	 the	 product)	 showing	 the	 high	 con-
sistency	of	 these	samples.	On	the	other	hand	the	
samples	with	8.3%	of	oil	dried	at	 the	same	 tem-
perature,	 required	 a	 load	 between	 5000-6000g.	
This	difference	was	caused	by	the	presence	of	un-
saturated	 triglycerides	 from	 the	 dough	 composi-









The	 hedonic	 score	 was	 calculated	 for	 each	
sample,	 and	 the	 values	 obtained	 were	 plotted.	
From	Figure	3,	one	can	note	that	the	sample	which	
accumulated	the	highest	score	(7.8)	was	dried	at	
150˚C	 with	 4.3%	 of	 oil,	 which	 means	 according	




are	more	 valued	 by	 consumers	 than	 those	 dried	
at	120˚C.	This	can	be	determined	by	drying	time,	






at	 different	 temperatures,	 respectively	 at	 150˚C,	




Texture	 analysis	 showed	 that	 unleavened	
bread	with	8.3%	of	oil	dried	at	150˚C	and	120˚C	
required	 lower	 load	 for	 product	 penetration,	
which	was	caused	by	the	presence	of	unsaturated	
triglycerides.
Sensorial	 test	 pointed	 out	 that	 the	most	 ap-
preciated	 unleavened	 bread	 by	 consumers	 was	
the	sample	with	4.3%	of	oil	content	obtained	from	
fluid	dough	and	dried	at	150˚C.	This	sample	was	
crispy	 and	with	 a	proper	 consistency,	which	 is	 a	
very	important	factor	for	consumer	acceptance.
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